Abstract-We have developed a simple, inexpensive and flexible method to automatically manipulate and assemble micro-/nano-entities using optically-induced dielectrophoretic (ODEP) force.
I. BACKGROUND n recent years, micro-and nano-scale manipulation research activities have grown rapidly as MEMS and Nanotechnology have proliferated through academic and commercial institutions, and the need to interact with and assembly bio-and nano-materials has become apparent throughout many scientific and engineering disciplines. Traditional micro/nano manipulation techniques such as AFM (e.g., manipulation of nanoparticles) and optical tweezers (e.g., laser-based manipulation of cells and DNAs) have a basic flaw of not able to parallelly manipulate and assemble mass amount of micro/nano entities, and require costly systems and sensitive experimental environments (i.e., minimal vibration and temperature fluctuations). In 2003, our group was one of the first to explore rapid and parallel manipulation of carbon nanotubes using Dielectrophoretic (DEP) force [1] . Here we present our recent development of using Optically-induced Dielectrophoretic (ODEP) technology [2] for collecting, separating, and assembling micro-/nano-particles and bio-entities, and also with the capability of fabrication bio-polymer structures in micro-scale lateral dimensions with nano-scale thickness. Due to its dynamic and rapid reconfigurability, we envision that ODEP technology will become a new paradigm for automating the processes of micro-/nano-scale manipulation, separation, assembly, and fabrication.
II. CURRENT RESULTS
As shown in Fig 1, by illuminating an optical image onto an ODEP chip (i.e., a microfluidic chip with an ITO glass on top and another ITO glass coated with a photoconductive material such as a-Si:H on the bottom), a non-uniform electric field is induced if an AC bias (typically ~20V with frequency ranging from kHz to MHz) is applied across the ODEP chip. The magnitude of this optically-induced DEP force (F DEP in the figure) is related to a particle's geometry (i.e., the particle being manipulated), the permittivity of both the particle and the fluidic medium, and the gradient of the electric field. However, other forces induced by electrokinetic related phenomena such as AC-electroosmosis and AC-electrothermal may counter the DEP force, and hence the correct parameters such as frequency of electric field and fluidic permittivity must be chosen to enable ODEP based micro-/nano-scale manipulation, separation, assembly, and fabrication. A systematic approach of how these parameters can be selected will be discussed at the conference. A picture of an ODEP system used to obtain the experiments presented in this abstract is shown in Fig. 2. Fig 3. shows the thin film materials required to fabricate an ODEP chip, and also depicts how ODEP force can be used to assemble particles and fabricate polymer structures (e.g., PEDGA -a bio-compatible hydrogel). Experimental results of nanoparticle (50nm) assembly and polymer (PEDGA) fabrication are shown in Fig.  4 . Since the magnitude of DEP force depends on particle size, micron-sized polystyrene beads of different diameters can be separated rapidly by scanning a fluidic medium with a dynamic 'line electrode' as shown in Fig. 5 . More elaborate dynamic electrodes can be used to separate nanometer and micrometer particles, i.e., as shown in Fig. 6 , 500nm, 1μm and 10μm particles can be rapidly manipulated, separated, and assembled by using ODEP. Since the geometry of the dynamic virtual electrodes are generated by a computer, the entire process of collecting and assembling particles can be automated, e.g., as shown in Fig. 7, 1μm particles that are scattered throughout a fluidic medium are first transported and collected at the center of the ODEP chip, then the particles are assembled into patterns of Chinese characters (which means "Shenyang Institute of Automation, Chinese Academy of Sciences" in the figure). To illustrate the flexibility and reconfigurability of ODEP-based micro/nano manipulation, 10μm particles are trapped by "ring" electrodes and positioned in a bowling game configuration, then an "ODEP bowling ball" is generated and moved as a bowling ball to "knock down" the bowling pins. All of the results discussed above (Fig. 5 to Fig. 8 ) will be shown in a video at the conference, including results of ODEP-based manipulation and induced rotation of human and animal cells. 
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